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PtlUNlNARf WIM’TIMNEL INVESTI6AT10I OF TM EFFECTS OF ENOINE 
NACELLES ON A TRANSPORT CONFIGURATION WITH HIGH LIFT-ORAG 
RATIOS TO A HACH NUHBER OF l.(K) 

By Stuart 6. Flachner 


SUmARY 


An Investigation was conducted In the Langley 8-foot transcmic 
pressure tunnel to determine the effect of engine nacelles added to a 
low-wing— fuselage— vertlcal-tal 1 configuration utilizing the NASA 
supercritical airfoil and a refined area ruled fuselage. The engine 
arrangement consisted of two aft fuselage, side mounted flow-thrmjgh 
nacelles and a solid body-of-revolutlon mounted above the fuselage In a 
manner similar to the Boeing 111 , 

A preliminary analysis of the wind-tunnel data shows that favorable 
Interference drag can be obtained with the proper longitudinal locations 
of the nacelles, by canting the nacelle Inlets, and by cusping the 
rearward region of tlM nacelle. 


INTRODUCTION 


Reference 1 presented wind-tunnel results for a low-wing— fusel age— 
vertical-tall configuration utilizing the NASA supercritical airfoil and 
a fuselage shaping based on an area rule refined to account for second 
order effects. High Hft-to-drag ratios to M = 1.00 were achieved. 




The pretMt Invetttsatlon m% eondwelt^ to the 

effects of enffne necollos on the eeredyneietc cherecterl sties of the 

CMfi^retion of reference I* Tlw engine errengenent mss siniler to thet 
of the Boeing 727* The tMo ^selege, si^ mounted engines Mere sisulsted 
by floM-through necelles. The center mgine mss siMoleted by e soHB 
body *of -r eve } ut 1 on . 

The results presented herein indicate the effects of shifting the 
simulated engines longitudinally, canting the necelle inlets, and cusping 
the rearuard region of the nacelles. This investigation mss conducted 
at Hach nund>ers of 0.96 and 1.00 near the design lift coefficient of O.bO. 
Also presented is the effect of r^lacing the flou-through nacelles with 
their equivaimt cross-sectional areas added to the sides of the fuselage. 
This configuration, to obtain the nacelle-fuselage interference effect, 

MSS tested at Mach numbers from 0.80 to 1.00 at lift coefficients from 
approximately 0.25 to 0.51. 


SimSOLS 


The results presented are referenced to the model stability axis 
and the geometry as presented in reference I. The coefficients and 
symbols used herein are defined as folloMSt 
Cl lift coefficient, Lift/qS 

ACq differMtce in drag coefficient for tMO configurations at the same 
lift coefficient 

M free-stream Mach number 

q free-stream dynmnic pressure, M/m^ 

S uing reference area (basic panel) including the fuselage 

intercept, 0.1928 m2 
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APMRATUS AND PROCfOURIS 


TiMmet 

The Invests getl on Mts co^icted in the Umgley 8-foot trensonio 
pressure tunnel which is e single return tunnel heving e rectanguler 
slotted test section. The tunnel hss the capability for the independent 
variation of Hach nun^r, drnsity, temperature, and humidity. Significart 
Condensation effects wer . avoided by maintaining sufficient values of 
stagnation temperature and dewpoint. In addition to the noraial 6-percent 
open slotted top and bottom walls, special side wall inserts were used 
on the solid side walls. These inserts are indented in the region of 
the iiwdel with 40-percent of the cross-sectional area of the model removed 
to account for the sideward displacement of the air by the model. 

Model 

Model drawings are shown in figure I and f^tographs are presented 
in figure 2. The ripple effect along the bottom of the fuselage aft 
end and the screw at the base of the fuselage, shown in tne model 
photographs, were (fcie to the model support system used for photographic 
purposes only. Details of the original model are given in reference I. 

The additional cross-sectional area of the nacelles was removed from the 
fuselage thus maintaining the original cross-sectional area distribution. 
The flow-through nacelle area distribution, shown in figure I, has the 
inside stream tube cross-sectional area removed. The middle nacelle, 
the body of revolution, has the same area as a flow-through nacelle. The 
nose is located 8.890 centimeters forward of the side nacelle inlets. 



The basic fusel a(^ of reference I mm ahertened by 6* 60b eentlMeters 
end a nee* thick, vertical tall Mas used to accoaiodate the Middle 


nacelle. All crMs •sectional area changes to the fuselage Mere accomplished 
by chenging the Midth and Maintaining apprmiliaate elliptical cross sections. 

A fixed horizontal T>ta1l mis used thrMi^iout this presMt Investigation. 

Mecelle location . » In addition to the basic confl^ratlon as shoMn 
In figure 1(a), the tlvee nacelles Mere tested In a position S.(^0 
centimeters rearMard. The fuseU^ Mas reshaped to cwtform to the area 
distribution at shOMn In figure k of reference I. 

Inlet cant .- The basic nacelle Inlet has a cant of approximately 
16*. To determine the effect of the cant, a straight Inlet <^;as also 
tested. Coordinates are listed In Table I (see figure 1(b)). 

Nacelle cusp .- The basic nacelle has a slight cusp near the aft 
end. To determine the effects of the cusp, a portion of the Investigation 
MSS con<kicted Mith the cusp filled In and smoothly faired to the rest 
of the nacelle. Coordinates are listed In Table I (see figure 1(b)). 

Eoulvalent body .- The equivalent bodytos used to determine the 
fuselage-engine InterferMce effect. The floM-through nacelles Mere 
removed from the pylons md the fuselage mss Midened to maintain the same 
area distribution (see figure 1(c)). 

Pylon .- The length, thickness, and Midth (at the nacelle trailing 
e^e) of the pylon Mere changed slightly during the Investigation, for 
the data presented herein, the pylon Mas not changed during each change 
to obtain the drag differential, ACg* for the Mhole Investigation, the 
sharp pylon leading edge mos maintained 5.080 centimeters aft of the 
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Mcelle Itading edge. The i^lon leedlng-edge width iMt eleo melnteined 
et 0,864 centinetere* The fusetege wee contoured to |m*ov 1^ a coMtent 
charnel tietween the nacelle «id the fuselage after the hotmdary flayer 
dliplaceeient Md pylon thickness were taken into accoimt, 

Boundary>Layer TrMSitien 

Using the technique described in reference 1, the flow-through 
nacelles had a strip of number 220 carborundum grains applied 0,506 
centimeters behind the straight inlet leading edge and 23,526 cmtimeters 
forward of the trailing edge of the canted inlet nacelle. The strips 
were applied inside and outside. The body-of-revolutlon had a strip of 
number 150 grains applied 1,905 centimeters behind the n<me. 

Measurements 

Aerodynamic forces and moments were measured with an internally 
mounted six-component strain-gage balance. The pressure in the vicinity 
of the base of the model and in the balance cavity were also measured. 

These pressures were used to adjust the drag results to correspond to 
free-stremn static pressure acting at the model base and in the balance 
cavity, 

for the basic configuration and the equivalent body, data were 
obtained at Mach numbers of 0,80, 0.90, 0.95, and t.OO, over the lift 
coefficient range from approximately 0,25 to 0.51, The other configurations 
had data obtained only at Mach numbers of 0.98 and 1.00 near the design 
cruise lift coefficient of 0.40. 





MiESENTATIOM OF RESULTS 


Hm IncreiMntal drag, ACg, shown In ffguros A, 5, and 6 ware 
coiiHMJted at followtt 

Wacelle L<^at1on Effect .- The forward locatfon configuration drag 
si^tracted froai the rearward location drag. 

Wacelle Inlot Cant Effoct. * The of the noMlto CMted Inlet 
configuration subtracted fron that of the straf^t Inlet. 

Wacelle Cuso Effect .* The cusped nacelle configuration drag subtracted 
from the fflled«1n confl ^ration. 

Interfer«Nice Effect .* The drag of the equivalent body subtracted 
from the drag of the basic confl guratl on. (The basic cmfiguratlon has 
cusped nacelles with canted Inlets located In the forward position.) 

Thus, positive Ko Is the drag penalty for having the nacelles 
In the rear position, for having straight nacelle Inlets, for not eusping 
the nacelle, and for having the nacelles on the body. 

OISCUSSIQW OF RESULTS 

Nacelle location .- Figure 4(a) stows the penalty for having the 
nacelles In the rearward position. The penalty at W = I. 00 Is 
substantial; 0.0010 at the design lift coefficient. At and below the 
design lift coefficient, for M = 0.98, the rear nacelle position is 
slightly more favorable than the forward position. 

Inlet cant .- The canted nacelle Inlet has less drag than the straight 
Inlet, the differential drag coefficient being 0.(H>05 at the design point. 
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M<c«n» CMto .» TIm «ff«cts of tho cusfi wore not os pronounced os 
the effects of the other nocelte dmigos* At N » 0.96 there fs e smII 
bmefit for using cusped necelles. At M s 1.00, below tlwt cNisIgn lift 
coeffIciMt, then Is o swsll penalty for using cusped necelles. 

Interference effwts. * Figure S shows tho dreg Incremnt that Is 
due to the flow-through nacelles over the larger Hach nua^or and lift 
coefficient ranges. This Incraoient Is shown for the design lift 
coefficient of O.AO versus Mad> nuadier In figure 6. Also plotted Is the 
skin friction, coasted from compressible flow theiM’y. This shovm a 
favorable Interference drag of 0.000$ at H « l.M. 

CONCLUDING REHARKS 

By properly adding nacelles to an existing optimum ccmflguratlon, 
favorable Interference drag can be obtained* At the design lift 
coefficient of O.kO Mid at a Hach number of 1.00, favorable Interference 
drag was obtained by considering the follo'.Hng factors: 

1. Nacelle location - an excessively rearward location on the 
fusalage Is unfavorable. 

2. Nacelle Inlet - canting the Inlet was more favorable than a 
straight Inlet. 

3. Nacelle cMitour - cusping along the rearward region was generally 


more favorable 
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Figure 4.- Variation of drag differential with 
lift coefficient. 













